ABSTRACT -For molecular analysis in anatomically-specific brain regions for rodent studies, it is necessary to establish a fast and accurate procedure for tissue sampling to achieve high integrity and expression fidelity of extracted molecules. The present study was performed to examine suitability of whole brain fixation with methacarn and subsequent tissue sampling using punch-biopsy devices for gene expression analysis in rats. After fixation, each specific region, i.e., hippocampal dentate gyrus, corpus callosum, cingulate cortex or cerebellar vermis was collected, and the integrity and variability of expression data of extracted total RNAs and polypeptides were examined. Methacarn fixation, acetone fixation, and unfixed tissues were compared. Methacarn fixation resulted in high integrity of total RNAs sufficient for conducting global expression analysis and superior in terms of uniformity in the integrity among brain regions to that of acetone fixation. Extracted polypeptide after methacarn fixation revealed similar integrity to that without fixation or with acetone fixation. Methacarn fixation resulted in lower mRNA expression variability between samples than acetone fixation in microarray analysis. The fidelity of polypeptide expression was mostly equivalent between methacarn and acetone fixation in 2-dimensional differential in-gel electrophoresis, although the expression levels of a small number of polypeptides from acetonefixed tissues were affected. These results suggest that whole brain fixation with methacarn retains advantages for global analyses of mRNAs and polypeptides in rodent studies. 
INTRODUCTION
The central nervous system has an anatomically elaborate architecture with region-specific differences in the distribution of neuronal and glial cell populations. For molecular biological analyses in each anatomically-specific region, each region must be sampled separately and the accurate sampling may be achieved with utilization of appropriate tissue fixation. On the other hand, as macromolecules (i.e. DNA, RNA and polypeptides) degrade gradually following autopsy, the time required to complete manual sampling of multiple specific brain regions in small animal experiments can result in a reduction in the quality of molecular biological analyses. Recent studies have applied microdissection techniques to analyze genes and proteins in anatomically-specific tissue regions (Böhm et al., 2005; Ornstein et al., 2000; Woo et al., 2009) . However, microdissection techniques are generally laborious and a low throughput method of tissue sampling. Applying whole brain fixation may be necessary to preserve high integrity of macromolecules and allow delayed processing of removed brains for rapid sampling of anatomically-specific brain regions following autopsy in animal experiments. To achieve consistent tissue sampling of specific brain regions within an appropriate operating time, manual dissection methods allow high throughput and use of fixed brain samples may be preferable for this purpose.
Methacarn is a protein-precipitating and non-crosslinking organic solvent fixative (Mitchell et al., 1985; Puchtler et al., 1970) , and fixation with this solution enables preservation of tissue morphology for histopathological assessment in paraffin-embedded tissues (Delfour et al., 2006; Srinivasan et al., 2002) . Methacarn generally gives superior immunohistochemical results over aldehyde-based cross-linking fixatives (Banks, 1979; Orstavik et al., 1981; Rognum et al., 1980) because antigenicity is usually maintained (Mitchell et al., 1985) . We previously found that methacarn fixation yields high quality DNA, RNA and protein even in paraffin-embedded sections for analyses of genomic DNA, expression microarrays, real-time RT-PCR and western blotting (Shibutani et al., 2000; Shibutani and Uneyama, 2002; Takagi et al., 2004; .
For global assessment of genes and proteins in anatomically-specific brain regions in animal studies using rodents, both high integrity of extracted molecules and minimal inter-animal variability in the expression of extracted macromolecules are essential. Therefore, establishment of a procedure for quick and accurate tissue sampling and processing which can overcome these hurdles is necessary. For this purpose, development of a method of brain fixation that preserves molecular integrity in the tissue is necessary.
Approaches of toxicogenomics, transcriptomics, and proteomics have recently been applied in many organs in toxicity studies using rodents (Heijne et al., 2005) . The present study was performed to examine suitability of methacarn fixation for global expression analysis of mRNAs and proteins in anatomically-specific brain regions for a scheme of regular rodent toxicity studies. We applied a simple and rapid tissue sampling method using punch-biopsy devices after whole brain fixation without paraffin-embedding. We examined the integrity of extracted molecules and fidelity of expression data with regard to the total RNAs and polypeptides extracted from each portion of the specific brain region in rats. We also compared methacarn fixation with fixation in icecold acetone, a method previously used for molecular analysis (Goldsworthy et al., 1999; Yan et al., 2010) . We used brains at the time point of the cessation of chemical exposure in a developmental neurotoxicity study on postnatal day (PND) 21 and in a 28-day repeated oral toxicity study on PND 63.
MATERIALS AND METHODS

Animals and experimental conditions
Seven-week-old male Crj:CD(SD)IGS rats and pregnant female rats of the same strain at gestational day 2 were purchased from Charles River Japan (Kanagawa, Japan) and maintained in an air-conditioned animal room (temperature: 23 ± 2°C, relative humidity: 55 ± 15%) with a 12-hr light/dark cycle. Animals were provided pelleted basal diet (Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water ad libitum.
Two individual animal experiments were carried out. In Experiment 1, 20 male rats were orally administered distilled water (5 ml/kg body weight) repeatedly for 7 days after one-week acclimation. They were randomly divided into 3 groups just before autopsy: unfixed (N = 4), methacarn-fixed or acetone-fixed tissues (N = 8 for each fixation). In Experiment 2, 10 pregnant rats were maintained without any treatment. After delivery, offspring at PND 4 were culled to preserve eight pups per litter keeping as many male animals as possible. On PND 21, male offspring were randomly divided into 3 groups, i.e., 8 for unfixed tissue samples and 16 each for fixed tissue samples. Remaining offspring were used for other experimental purposes. Male animals in Experiment 1 were housed with four animals per cage and pregnant rats in Experiment 2 were housed individually with their offspring in plastic cages with wood chip bedding. All animals used in the present study were killed by exsanguination from the abdominal aorta under anesthesia. All procedures of this study were conducted in compliance with the Guidelines for Proper Conduct of Animal Experiments (Science Council of Japan, June 1, 2006) and according to the protocol approved by the Animal Care and Use Committee of the Tokyo University of Agriculture and Technology. All efforts were made to minimize animal suffering.
Tissue fixation and sampling of specific brain regions
Methacarn solution consisting of 60% (v/v) absolute methanol, 30% chloroform, and 10% glacial acetic acid was freshly prepared before fixation (Shibutani et al., 2000) . Methacarn solution and acetone were stored at 4°C until use. At autopsy, whole brains were removed and fixed in the appropriate fixative for 5 hr at 4°C with agitation. Fixed brains were dehydrated three times for 1 hr in fresh 99.5% ethanol and stored overnight at 4°C with agitation until each specific brain region was sampled. For comparison of the integrity of extracted total RNA and polypeptides as well as the fidelity in the polypeptide expression from fixed tissues, unfixed whole brains were immersed in ice-cold saline and sampled immediately.
For fixed brains, two 2 mm-thick coronal cerebral slices and two 2 mm-thick sagittal cerebellar slices were prepared. Coronal slices were prepared by cutting laterally at the approximate positions of -0.8 mm, -2.8 mm and -4.8 mm from the bregma using the brain-matrix cast (Muromachi Kikai Co., Ltd., Tokyo, Japan). As target regions for this validation, we selected hippocampal dentate gyrus, corpus callosum, cingulate cortex and cerebellar vermis for analysis. Hippocampal dentate gyrus and cingulate cortex were punched from the posterior cerebral slice. The corpus callosum and cerebellar vermis were punched from two cerebral slices and two cerebellar slices, respectively. Sampling was made using punchbiopsy devices with a pore size of 1 mm (Kai Industries Co., Ltd., Gifu, Japan). Cingulate cortex and cerebellar vermis from unfixed tissues were punched from similar portions of the cerebral and cerebellar slices using 3 mm-sized punch-biopsy devices. Punched tissue samples from fixed brains were immersed in 99.5% ethanol and stored at -80°C. For unfixed tissues, the samples for RNA analysis were immersed in RNAlater™ (Ambion, Inc., Austin, TX, USA) for 24 hr at 4°C and those for polypeptide analysis were quickly frozen in liquid nitrogen for storage at -80°C until macromolecule extraction.
RNA preparation
Isolation of total RNA from tissue samples was performed using QIAzol (Qiagen, Valencia, CA, USA) together with miRNeasy kit (Qiagen) according to the manufacturer's protocol. Nucleic acid concentration was determined by measurement of optical density at 260 nm (NanoDrop ND-1000, Thermo Scientific, Wilmington, DE, USA). The RNA integrity was evaluated in 4 animals at PND 63 (Experiment 1) and 8 animals at PND 21 (Experiment 2) and an RNA Integrity Number (RIN) was generated using an Agilent 2100 Bioanalyzer and its accompanying software (Agilent Technologies, Inc., Santa Clara, CA, USA).
Gene expression microarray analysis
Gene expression analysis was conducted using Agilent Rat Oligo arrays with approximately 60,000 probes for known genes and expressed sequence tags (Agilent Technologies, Inc.) in each brain region of 3 animals each at both PND 63 (Experiment 1) and PND 21 (Experiment 2). For sample preparation and array processing, the Agilent protocol "One-Color Microarray-Based Gene Expression Analysis" was used. Briefly, the recommended volume of control RNAs (Agilent One-Color RNA Spike-In Kit) was added to 100 ng of total RNA. Thereafter, Cy3-labeled cRNA was produced using the Agilent Low Input Quick Amp Labeling (one-color), purified with the RNeasy mini kit (Qiagen), fragmented using the in situ Hybridization Kit (Agilent Technologies, Inc.), and subjected to hybridization by incubation in a hybridization oven (Agilent Technologies, Inc.). Hybridized slides were scanned (G4900DA scanner, Agilent Technologies, Inc.), and data were obtained using Agilent Feature Extraction software (version 11.7.1.1), with defaults for all parameters.
Microarray data normalization and analysis
Microarray data analyses were carried out using GeneSpring GX (version 11.5.1) software (Agilent Technologies, Inc.). The data were subjected to normalization by setting measurements less than 0.01 to 0.01 and by per-chip and per-gene normalization using GeneSpring normalization algorithms (Agilent Technologies, Inc.).
Polypeptide preparation
The brain tissue samples in each brain region of 4 animals at PND 63 in Experiment 1 were homogenized in lysis buffer (4% (w/v) 3-[(3-cholamidopropyl) dimethylammonio] propanesulfonate, 2 M thiourea, 8 M urea, 10 mM Tris-HCl; pH 8.8) and sonicated. Protein concentration was determined using the Bradford method after removing pellets by centrifugation.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
One-dimensional SDS-PAGE was performed on the Hoefer Mighty Small gel system (GE Healthcare, Little Chalfont, UK). The 5 μg of proteins extracted from each brain sample were labeled with 20 pmol of N-hydroxysuccinimide (NHS) ester-derivatives of Cy5, and the labeled protein samples were added to 5 μl of SDS buffer (2% SDS, 20% glycerol, 0.01% bromphenol blue, and 50 mM Tris-HCl, 0.1 M dithiothreitol, pH 6.8), boiled at 95°C for 3 min and applied to 15-25% gradient acrylamide gel (Cosmo Bio Co., Ltd., Tokyo, Japan). Gels were scanned directly with Typhoon (GE Healthcare). Gel image analysis was performed with Image Quant TL v2005 (GE Healthcare).
Two-dimensional differential in-gel electrophoresis (2D-DIGE) analysis
The protein lysates as prepared for SDS-PAGE analysis were also labeled with NHS ester-derivatives of Cy2, Cy3 and Cy5 (GE Healthcare) according to the manufacturer's protocol. Differentially labeled samples were reduced with 65 mM DTT and mixed together with Pharmalytes pH 3-10 (GE Healthcare). Immobilized pH gradient strips (pH 3-10; Length = 24 cm) were rehydrated and mixed samples were applied to strips. Isoelectric focusing was performed using a Multiphor II (GE Healthcare). 2D-gels were run in Ettan DALT twelve (GE Healthcare) and were scanned with a Typhoon 9400 (GE Healthcare). The images were analyzed for protein profile by Decyder ® software Ver7.5 (GE Healthcare).
Image analysis
The differential in-gel analysis (DIA) of DeCyder ® was applied to merge the Cy2, Cy3 and Cy5 images for each gel, and then to detect spot boundaries for the calculation of normalized spot volumes/protein abundance. Differences in the protein abundance were then calculated between samples run on the same gel. The biological variation analysis of DeCyder ® was applied to match all pair wise image comparisons from DIA for a comparative cross-gel statistical analysis.
Mass spectrometric (MS) analysis
Gel electrophoresis for MS analysis was performed using 600 μg of pooled lysate prepared as described above. The resultant gel was stained with Sypro ® Ruby, then spots of interest were excised from 2D-gels using an automated spot picker (GE Healthcare). The recovered gel pieces were incubated with 12.5 ng/μl trypsin (Promega Corporation, Madison, WI, USA) and generated peptides were eluted and dissolved in 0.1% v/v formic acid.
MS analysis was carried out by LC-MS/MS. NanoU-PLC (Waters, Milford, MA, USA) was coupled with the Q-TOF micro mass spectrometer (Micromass, Manchester, UK). Instrument operation, data acquisition and analysis were performed using MassLynx software (Micromass). The eluted peptide was analyzed by tandem mass spectrometric sequencing with an automated MS-to-MS/MS switching protocol.
The database search was performed with MASCOT Deamon (Matrix Science, London, UK) (Eng et al., 1994; Mann and Wilm, 1994; Pappin et al., 1993; Perkins et al., 1999) . The generated pkl files were submitted to SWISS-PROT (release SwissProt_2012_01) and NCBInr (NCBInr_20120226).
Solubility analysis of α-casein
Solubility of α-casein, a representative protein that consists of multiple spots with different mobility due to the differences in its phosphorylation pattern in 2D-gels, was examined in each fixative and also in the solvents of the methacarn solution. One sample each was analyzed for comparison between fixatives or solvents of the methacarn solution. Five mg of α-casein (α-casein from bovine milk; Sigma-Aldrich Co., St. Louis, MO, USA) was dissolved in 500 μl of 50 mM ammonium bicarbonate. The dissolved α-casein (1 mg) solution was dried, mixed either with 600 μl of methacarn solution, methanol and chloroform mixture (6 : 3), acetone, chloroform, or methanol, then subjected to extraction for 5 hr at 4°C. After centrifugation at 20,000 × g for 2 hr at 4°C, the dissolved α-casein in the supernatant was measured by the weight of residual mass of the dried supernatant. The dissolved and non-dissolved α-casein pellets were dissolved in lysis buffer and subjected to 2D-DIGE analysis.
Statistical analysis
Comparison of RIN between the unfixed tissue samples of the cingulate cortex and the cerebellar vermis were performed with the Student's t-test (homogeneity) or Aspin-Welch's t-test (heterogeneity) after analyses for homogeneity of variance using the F-test. Comparison of RIN among brain regions in each fixation or among unfixed and each fixed-tissue samples of the cinglate cortex and the cerebellar vermis were performed with the Tukey's (homogeneous) or Steel-Dwass's test (heterogeneous) after analyses for homogeneity of variance using Bartlett's test. Spot volume in 2D-DIGE analysis was compared between unfixed and each fixed-tissue samples for each matched spot and a Student's t-test or ANOVA test was applied using the triplicate values from each experimental condition.
RESULTS
Integrity of total RNAs
RIN was estimated in each region of the unfixed brain tissues (cingulate cortex and cerebellar vermis) and methacarn-or acetone-fixed tissues (cingulate cortex, cerebellar vermis, hippocampal dentate gyrus and corpus callosum). In the unfixed tissues, RIN in the cerebellar vermis was higher than that in the cingulate cortex at both PND 63 and PND 21 (Fig. 1A) . In the methacarn-fixed tissues, RIN was similar among brain regions at both PND 63 and PND 21. In the acetone-fixed tissues, RIN of the cerebellar vermis was statistically higher as compared with the cingulate cortex or corpus callosum at PND 63. On PND 21, RIN of the cerebellar vermis was statistically higher as compared with the corpus callosum.
Average of RINs of total RNAs in the cingulate cortex was similar between unfixed and methacarn-fixed tissues at PND 63, but it was significantly higher in unfixed tissues than in methacarn-fixed tissues at PND 21 ( Fig. 1B) . Average of RINs of unfixed cingulate cortex tissues was significantly higher than that of acetone-fixed tissues at both PND 63 and PND 21. Average of RINs of methacarn-fixed cingulate cortex tissues was significantly higher than that of acetone-fixed ones at PND 63, while it was unchanged between methacarn-and acetone-fixed cingulate cortex tissues at PND 21. Average of RINs of total RNAs in the cerebellar vermis was higher in unfixed tissue than in methacarn-or acetone-fixed tissues at both PND 63 and PND 21. Average of RINs was unchanged between methacarn-and acetone-fixed cerebellar vermis tissues at both PND 63 and PND 21. Figure 2 shows representative scatter plots between microarray gene expression data of each animal within the same fixative in four brain regions at PND 63. Higher correlations were observed in mRNA expression data in the methacarn-fixed tissues as compared with acetonefixed tissues in all brain regions. Table 1 shows average of coefficients of determination and their coefficients of variation in each brain region of methacarn-or acetonefixed tissues at PND 63 and PND 21. When these values were compared between fixatives, methacarn-fixed tissues showed higher coefficients of determination in each brain region as compared with acetone-fixed ones. Also, coefficients of variation were consistently lower in the methacarn-fixed tissues as compared with acetone-fixed ones.
Variability in microarray data
Integrity of polypeptides
The visual pattern of resolved polypeptide bands and their intensities in polyacrylamide gels were similar between unfixed tissue, methacarn-fixed and acetonefixed tissues in the cingulate cortex and cerebellar vermis as examined at PND 63 (Fig. 3) .
Protein expression analysis by 2D-DIGE
The visual patterns of polypeptide spots resolved in polyacrylamide gels did not differ between unfixed tissues and methacarn-fixed or acetone-fixed tissues in the cingulate cortex and cerebellar vermis as examined at PND 63 (Fig. 4) . Approximately, 2,100-2,300 polypeptides were resolved in the 2D-gel. Almost all of the polypeptide spots showed no differences in spot volume and mobility in the 2D-gel between fixed and unfixed tissue samples. Standardized abundance of each polypeptide in the unfixed frozen, methacarn-fixed, or acetonefixed tissue was estimated by calculating the ratio of the spot volume in unfixed frozen, or methacarn-or acetone-fixed samples to the volumes of pooled samples of all unfixed and fixed tissues. Average log ratios of standardized abundance in fixed samples per unfixed sample were then calculated. In the cingulate cortex, statistically significant differences in the standardized abundance were detected in 7 polypeptides in methacarn-fixed tissues and in 10 polypeptides in acetone-fixed tissues as compared with unfixed tissues (Table 2 ). In the cerebellar vermis, statistically significant differences in the standardized abundance were detected in 1 polypeptide in methacarn-fixed tissues and in 3 polypeptides in acetone-fixed tissues as compared with unfixed tissues (Table 3 ). All these polypeptides were > 29 kDa in molecular weight. In both the cingulate cortex and cerebellar vermis, magnitudes of fluctuations in the standardized abundance in methacarn-fixed tissues were mostly smaller than those of acetone-fixed tissue. Among these polypeptides, both phosphoglycerate mutase 1 and triosephosphate isomerase were found to consist of three spots by MS analysis (Fig. 5) . Reductions in spot volume of one of three separate spots by different isoelectric points were observed in acetone-fixed tissues as compared to that in unfixed tissues (Figs. 5 and 6 ). On the other hand, in methacarn-fixed tissues, three separate spot volumes were equivalent to those in unfixed tissues.
Protein solubility in fixatives
Solubility of α-casein in each fixative and in solvents contained in the methacarn solution was examined (Table 4) . Abbreviations: C.D., coefficient of determination; C.V., coefficient of variation; PND, postnatal day. The ratio of solubility to total input was much lower in methacarn solution than in acetone or in the solvents of the methacarn solution. In 2D-DIGE analysis, we selected six separate polypeptide spots of α-casein by different isoelectric points. There was one spot with reduced spot volume in acetone (Spot No. 3); however, there were no spots showing variability in solubility in methacarn solution (Figs. 7 and 8) .
DISCUSSION
There are two critical points for global analysis of macromolecules using fixed-tissues, i.e., i) integrity of extract- a Standardized abundance of each polypeptide was estimated by measuring the ratio of spot volume in each of unfixed frozen, or methacarn-or acetone-fixed samples to the spot volume of pooled samples of all unfixed and fixed tissues. Average log ratio of standardized abundance in fixed samples per unfixed sample was then calculated. Number of animals examined is 4 in each tissue preparation. *Significantly different between methacarn or acetone-fixed tissue samples and unfixed tissue samples (p < 0.01). Vol. 38 No. 3 ed molecules (Finke et al., 1993; Stanta and Schneider, 1991) ; and ii) fidelity in expression changes as compared with unfixed tissues. In the present study, we found that the integrity of total RNAs by methacarn fixation was superior to acetone fixation and next to the unfixation. Extracted polypeptides resolved in SDS-PAGE showed similar integrity between unfixed tissue and methacarn or acetone fixation. When the fidelity of mRNA expression changes in microarray analysis was compared, methacarn fixation resulted in lower expression variability between samples than acetone fixation. With regard to the polypeptide expression, fidelity was mostly equivalent between the two fixation methods in 2D-DIGE, while extracting effect of polypeptides may occur during fixation with acetone in relation with their phosphorylation status. In contrast to the very low performance on extraction of total RNA with formaldehyde-based fixatives, irrespective of temperature control by fixation at 4°C (Bussolati et al., 2011; Farragher et al., 2008) , organic solventbased protein-precipitating fixatives usually give high yields and integrity of extracted total RNA (Goldsworthy et al., 1999; Shibutani et al., 2000; Srinivasan et al., 2002) . For the purpose of microarray analysis, the lower limit of RIN required should be higher than 7.0 (Imbeaud et al., 2005; Thompson et al., 2007) . In the present study, mean RINs of extracted total RNA from methacarn-or acetone-fixed tissues were higher than 8.0, and methacarn resulted in superior RIN compared with acetone. Importantly, RINs were constant in all anatomical locations sampled from methacarn-fixed tissues but variability was seen in RIN values between the brain regions in acetone-fixed tissues, suggesting that whole brain fixation using methacarn is superior to acetone for comparison of gene expression changes between anatomically different regions within the brain. While the reason for the difference in RIN values between tissue regions by acetone fixation was unclear, differences in the RIN value between tissue regions was unrelated to the distance of tissue from the brain surface as an interface with fixative, suggesting that speed of tissue penetration of acetone during fixation may not be responsible for this difference.
Previously, scatter plots of mRNA expression microarray data between frozen tissues and 70% ethanol-or formalin-fixed paraffin-embedded tissues showed low corre-lation (Cox et al., 2008) . This result might be due to low integrity of total RNA caused by these fixatives in combination with paraffin-embedding. On the other hand, we have already shown that methacarn-fixed tissue samples, even after paraffin-embedding, show a high fidelity in global expression changes in microarray analysis with unfixed tissues . In the present study, when methacarn and acetone were compared in terms of the global expression changes by microarrays, higher correlations in scatter plot were observed in the methacarn-fixed tissues in all brain regions of both PND 21 and PND 63, while we could not compare expression changes with unfixed tissue samples due to the inaccuracy in the sampling of anatomically-specific regions in unfixed tissue. Higher integrity of extracted total RNAs may be responsible for the lower inter-animal variability in the expression with methacarn as compared with acetone. For gene expression analysis in anatomically-specific regions, application of microdissection technique for tissue sampling may be recommended (Böhm et al., 2005) . However, it is laborious and time-consuming for collection of tissue samples as we examined previously (Fujimoto et al., 2012; Saegusa et al., 2010; Shibutani et al., 2007; Woo et al., 2009) . Of note, low variability in mRNA expression between samples could be achieved even with manual dissection using punch-biopsy devices for tissue sampling in the present study. If a tissue area dissected by punch-biopsy devices fulfills the experimental purpose of analysis, the manual dissection technique used here in combination with methacarn fixation may provide a high throughput data collection in mRNA expression with low variability between samples.
In formalin-fixed tissue samples, reduction in spot signal intensity and acidic shift of extracted polypeptides usually occur in 2D-DIGE analysis (Tanca et al., 2011) . Also, microdissected paraffin-embedded tissue samples stained with hematoxylin and eosin after fixation with 70% ethanol or acetone resulted in reduction of spot number of proteins in 2D-gel (De Souza et al., 2004) . In the present study, the visual pattern of resolved polypeptide bands and their intensities in polyacrylamide gels were similar between unfixed tissues and methacarn-or acetone-fixed tissues, thus both fixatives have not affected the quality of polypeptides. In analysis of 2D-DIGE, almost all of the polypeptides resolved on gel, approximately 2,100-2,300 in number, were unchanged in their spot volumes and mobility between fixed and unfixed tissues, suggesting that proteome analysis could be applied even after tissue fixation with protein-precipitating agents. Interestingly, although a small number of polypeptides showed different expression levels between unfixed tissues and fixed tissues, methacarn was superior to acetone in the number of polypeptides affected. In addition, expression level of one of three separated spots of two polypeptides by the difference in the posttranslational modification was affected by acetone fixation, while it was unaffected by methacarn fixation.
With regard to possibility of polypeptide extraction during fixation, we found α-casein, which is a representative phosphorylated protein, was scarcely soluble in methacarn solution in the present study, while it was slightly soluble in acetone. The solubility in acetone differed in one of six spots showing different phosphorylation patterns. These results suggest that expression levels of polypeptides extracted from acetone-fixed tissues may be affected according to their phosphorylation status. On the other hand, we previously found some unknown modifications on certain population of polypeptides to affect the mobility in SDS-PAGE in methacarn-fixed paraffinembedded sections in western blot analysis (Shibutani et al., 2000) . Because we did not find mobility shift of molecules in almost all proteins in the present study, the mobility shift observed in our previous study was due to some modification during paraffin-embedding.
In conclusions, whole brain fixation of rats using methacarn in combination with manual dissection using punch-biopsy devices enabled us to extract total RNAs and polypeptides with high integrities and expression fidelity sufficient for application to global expression analysis of both mRNAs and polypeptides. Extracted total RNA samples were found to show uniform integrity between brain regions, suggestive of methacarn fixation as a fast and effective method to preserve RNA within fixed tissues. Extraction of polypeptides during fixation was found to be negligible with methacarn. Thus, whole brain fixation with methacarn is judged to be well suited for high throughput analysis of gene expression in anatomically-specific regions in the framework of toxicity testing in rodents.
